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MONO-DIAMETER WELLBORE CASING 
This invention relates generally to a wellbore casing, and In particular to a tubular 
structure fonmed using expandable tubing. 

S Background of the Invention 

Conventionally, when a wellbore is created, a number of casings are installed in 
the borehole to prevent collapse of the borehole wall and to prevent undesired outflow 
of drilling fluid into the fomiatipn or inflovy of fluid from the formation into the borehole. 
The borehole is drilled in Intervals whereby a casing which is to be installed in a lower 

10 borehole interval is lowered through a previously installed casing of an upper borehole 
interval. As a consequence of this procedure the casing of the lower interval is of 
smaller diameter than the casing of the upper interval. Thus, the casings are in a 
nested embodiment with casing diameters decreasing in downward direction. Cement 
annuli are provided between the outer surfaces of the casings and ttie borehole wail to 

15 seal the casings from the borehole wall. As a consequence of this nested embodiment 
a relatively large borehole diameter is required at the upper part of the wellbore. Such 
a large borehole diameter involves increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is involved due to required cement pumping, 

20 cement hardening, required equipment changes due to large variations in hole 

diameters drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

The present invention is directed to overcoming one or more of the limitations of ' 
the existing procedures for fomning new sections of casing in a wellbore. 
^ Summary of the Invention 

According to the present invention there is provided a tubular stnicture positioned 
in a borehole within a subten^anean fomiation, comprising: 
a first tubular member, and 

a second tubular member coupled to and overiapping vwth the first tubular 
30 member; 

wherein the second tubular member is coupled to the first tubular member by the 
process of: 

installing the second tubular member, an expansion cone, and a shoe that 
defines an interior region for containing fluidic materials in the borehole; 
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thpinferior region of the shoe: and 

^^.rexpandlng a. ^as. a p^on o, seco^ .uWar member b, ..eCng a 

material Into the l»rehole below the expansion cone. 
ptr«y.««P»oess,.r.her composes ra^^^expar-^g the exp^^^ 

Prpferablv the process further comprises, 
radially expanding the expansion cone. 

Preferably, the process further comprises: . 

: .t^e;anarngat.astapo*nc.««sboea,«...»eecor..^n»2 
b, ir^eot^ a Kuldlc n^tertal Into the borehole ^ ^ ^ expanded expar»»n 

cone. 

Preferably, the process further comprises: 
. injecting a hardenable fluidic sealing material into an annulus between the 

15 second tubular member and the borehole. 

Preferably, theprocessfurthercomprisesrad-^ilyexpandingatleastaport^^^ 

the first tubular member. 

Preferably, the process further comprises: 

overlapping a portion of the radially expanded second tubular member wrth a 

20 portion of the first tubular member. ^^^h^, 
Pre.erably,theinsk.edl«ne.er^mera*a«yexpa„dedsecondtubu,arrnembe^ 

is substantially equal to the inside diameter o. a nono«dappin9 potior ol the lirst 

tubular member. 

Preferably, the process further comprises apptyins an axal force to the 

'"CeZ.e.nsidediarnetero,^-ad*expandedshoe..ea,er.hanor 
substantially equal to the inside diameter of the radla»y expanded second tubular 
memt>er. 

Brief Description of the Drawings 
30 FIG. 1 is a fragmentary aoss-secMonal view illustrating the drilling of a new 

section of a well borehole. 

FIG 2 is a fragmentary cross-sedional view illustrating the placement of an 
embodiment of an apparatus for crea^ng a nK>no.diame.er wellbore casing withm the 
new section of the well borehole of FIG. 1. 



2 



FIG. 2a is a crass-sectional view of a portion of the shoe of the apparatus of 

FIG. 2. 

FIG. 2b is a cross-sectional view of another portion of the shoe of the apparatus 
of FIG. 2. 

5 FIG.2cisaCToss-sectionalviewofanotherportfonof the shoe of the apparatus 

of FIG. 2. 

FIG, 2d is a cross-sectional view of another portion of the shoe of the apparatus 
of FIG. 2. 

FIG. 2e is a cross-sectional view of a portion of the shoe oif the apparatus of 
10 FIG. 2c. 

FIG. 3 is a fragmentary CTOss-sectional view illustrating the injection of a 
hardenable fluidic sealing material through the apparatus and into the new section of 
the well borehole of FIG. 2. 

FIG. 3a is a cross-sectional view of a portion of the shoe of the apparatus of 

.15 FIG. 3. 

FIG. 3b is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 3a. 

FIG. 4 Is a fragmentary aoss-sectional view illustrating the injection of a fluidic 
material into the apparatus of FIG. 3 in order to fluididy isolate the interior of the shoe. 
20 FIG. 4a is a cross-sectional view of a portion of the shoe of the apparatus of 

FIG. 4. 

FIG. 4b is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 4a. 

FIG. 5 is a cross-sectional view illustrating the radial expansion of the shoe of 

25 FIG. 4. 

FIG. 6 is a cross-sectional view illustrating the lowering of the expandable 
expansion cone into the radially expanded shoe of the apparatus of FIG. 5. 

FIG. 7 is a cross-sectional view illustrating the expansion of the expandable 
expansion cone of the apparatus of FIG. 6. 
30 FIG. 8 is a cross-sectional view illustrating the injection of fluidic material into 

the radially expanded shoe of the apparatus of FIG. 7. 

FIG. 9 is a cross-sectional view illustrating the completion of the radial 
expansion of the expandable tubular member of the apparatus of FIG. 8. 



% ;. • f,G.,Oisaaoss^lviewi,lusUa«ng.he..«^a,otmebo«on,portionof 
^ * a ooss^cUona, view tetraUng me focn^tion o, a n»no^.ameter 

° "''^'fKS ,2tea*ag™n.a^aoss-sac«onalvie«IHus.^«ng.heplacemen...an 
a^J^l— »-a„appa«U«.or<,ea«nga™no^ia-ne.erwe«bo«cas^ 

; *'rrJ2-.n.v,e»c,apo^n:o»,as.oeP..- 

'""'•"BG.ia.isa^os.-s.c.^alviewo.apc^o.theahoeofmeapparalusof 

"hG. 12C is a crass-secUonal view of another portion of the sl«e of the 

apparatus of FIG. 12. . : . . 

,5 ne-Kdisacross-seclionalviewofanotherportonoftheshoaofthe 

appa^tus of F,G, 12^^ ,^„,,^„3, ^ „,„,»atlng fl,e injection of a 

i^rdenat^e nu* sea«ng n«.ertai th^^h the appa,3U,s and inV, the n«« sect«n of 

thp well borehole of FIG. 12. * _r 

20 P,G.13a.sacross-sec«.na.vlewofapor«onoftheshoeofthe 

''"'■''.G.IA-.safragmen.aryaoss.ecUonarvlewll.ust.^^^ 

FIG. 14a IS a cross-secBonal view of a portion of the shoe of the apparatus of 

FIG. 15 IS a cross-sectional view illustrating the radial expansion of the shoe of 

''rG 16 is a cross-sectional view illustrating the lowering of the expandable 
expansion cone into the radially expanded shoe of the apparatus of F1G.15. 

FIG. 17 is a cross-sectional view illustrating the expansion of the expandable 
expansion cone of the apparatus of FIG. 16. ..»^ri,,i„tn 
FIG. 18 is a aoss-sectional vfew illustrating the injection of flu,d.c matenal .nto 
the radially expanded shoe of the apparatus of FIG. 17. 



25 FIG. 14 
FIG. 14. 
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FIG. 19 is a cross-sectional view illustrating the completion of the radial 
expansion of the expandable tubular nnember of the apparatus of FIG. 18. 

FIG. 20 is a cross-sectional view illustrating the removal of the bottom portion of 
the radially expanded shoe of the apparatus of FIG. 19. 

Detailed Description of the Illustrative Embodiments 
Referring initially to FIGS. 1. 2. 2a, 2b, 2c, 2d, 2e, 3, 3a. 3b. 4. 4a, 4b, and 5- 
10, an embodiment of an apparatus and method for forming a monodiameter wellbore 
casing within a subterranean formation will now be described- As illustrated in Fig. 1, a 
weilbore 1 00 is positioned in a subtenranean formation 1 05. The wellbons 1 00 includes 
a pre-existing cased section 110 having a tubular casing 115 and an annular outer 
layer 120 of a fluidic sealing material such as. for example, cement. The weilbore 100 
may be positioned in any orientation from vertical to horizontal. In several alternative 
embodiments, the pre-existing cased section 110 does not include the annular outer 
layer 120. 

In order to extend the weilbore 100 into the subterranean fdmiation 105, a drill 
string 125 is used in a well known manner to drill out material from the subterranean 
formation 105 to form a new weilbore section 130. In a preferred embodiment, the 
inside diameter of the new weilbore section 1 30 is greater than the inside diameter of 
the preexisting weilbore casing 115. 

As illustrated in FIGS. 2. 2a, 2b. 2c, 2d, and 2e. an apparatus 200 for fonning a 
weilbore casing in a subterranean formation is then positioned in the new section 130 
of the weilbore 1 00. The apparatus 200 preferably includes an expansion cone 205 
having a fluid passage 205a that supports a tubular member 210 that includes a lower 
portion 210a. an intermediate portion 210b. an upper portion 210c. and an upper end 
portion 21 Od. 

The expansion cone 205 may be any number of conventional commercially 
available expansion cones. In several alternative embodiments, the expansion cone 
205 may be controllably expandable in the radial direction, for example, as disclosed in 
U.S. patent nos. 5,348,095, and/or 6,012.523. 

The tubular member 210 may be fabricated from any number of conventional 
commercially available materials such as, for example. Oilfield Country Tubular Goods 
(OCTG), 13 chromium steel tubing/casing, or plastic tubing/casing. In a preferred 
embodiment, the tubular member 210 is fabricated from OCTG in order to maximize 
strength after expansion. In several alternative embodiments, the tubular member 210 
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,„stedian»ler than the upper portK>n 210c member 

201 is less man the waH thickness of the upper portKM, 210= o( 

„^r Maa«e the 1^-o.me radial expanslo,.p..ce«Jn P^^^ 

: en*cal.en., the upper end portion. 210d o. «ie tubular '--■^^ ^ 

thickness of the upper end portion 210(1 01 we lu . H..rinn*h« latter 

,„„derto,radua«,reduce the required radial ''^J^l^^ 

stages o, the radial expan^On process. In Ihi. n«nner. ^^^^^ 

, du:.theia.rsU.es.^r3d.expans^P-----^^^^^^^ ^ 
A Shoe 215 is coupled to the lower portion 210a oTtneiuDu 

Theupperandlowerportions.215aand215c.oTine ,^,,Kiv«t 

Ln^d^te ^ are pre,e,a«y bom greater than me '--"^^ ^ "^-''^ 
dtheuoperahdlo»e,po,tlons.215aand215c. In m,s manner, the outer 
rr:oeo,me«tenne<.atepo.on21.bottheabce21.s« 
ihan the outside drcumterences of me upper and lower por«ns. 215a and 215b. 



30 

shoe. 



,„ a pretened ^bodiment. the shoe 215 turmer includes "necr mrough 
and Side outlet ports in lluidlc communication wim the Buid passage 220. 
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, manner, the shoe 215 optimally injects hardenable fluidic sealing material into the 
*;regiop outside the shoe 21 5 and tubular member 210. 

' In an alternative embodiment, the flow passage 220 is omitted. 
A support member 225 having fluid passages 225a and 225b is coupled to the 
expansion cone 205 for supporting the apparatus 200. The fluid passage 225a is 
: preferably fluidicly coupled to the fluid passage 205a. in this manner, fluidic materials 
may be conveyed to and from the region 230 below the expansion cone 205 and above 
the bottom of the shoe 21 5, The fluid passage 225b is preferably fluidicly coupled to 
the fluid passage 225a arid includes a conventional control valve. In this manner, 
during placement of the apparatus 200 within the wellbore 100, surge pressures can be 
relieved by the fluid passage 225b. In a prefen"ed embodiment, the support member 
225 further includes one or more conventional centralizers (not illustrated) to help 
stabilize the apparatus 200. 

During placement of the apparatus 200 within the wellbore 100, the fluid 
passage 225a is preferably selected to transport materials such as, for example, drilling 
mud or fomiation fluids at flow rates and pressures ranging from about 0 to 1 1356.24 
litres/minute and 0 to 620.528 bar (0 to 3,000 gallons/minute and 0 to 9.000 psi) in 
order to minimize drag on the tubular member being run and to minimize surge 
pressures exerted on the wellbore 130 which could cause a loss of wellbore fluids and 
lead to hole collapse. During placement of the apparatus 200 within the wellbore 100, 
the fluid passage 225b is preferably selected to convey fluidic materials at flow rates 
and pressures ranging from about 0 to 1 1356.24 litres/minute and 0 to 620.528 bar (0 
to 3,000 gallons/minute and 0 to 9.000 psi) in order to reduce the drag on the 
apparatus 200 during insertion into the new section 130 of the wellbore 100 and to 
minimize surge pressures on the new wellbore section 130. 

A cup seal 235 is coupled to and supported by the support member 225. The 
cup seal 235 prevents foreign materials from entering the interior region of the tubular 
member 210 adjacent to the expansion cone 205. The cup seal 235 may be any 
number of conventional commercially available cup seals such as. for example, TP 
cups, or Selective Injection Packer (SIP) cups modified in accordance with Ihe 
teachings of the present disclosure. In a preferred embodiment, the cup seal 235 is a 
SIP cup seal, available from Halliburton Energy Sen/ices in Dallas. TX in order to 
optimally block foreign material and contain a body of lubricant. In several altemative 
embodiments, the cup seal 235 may include a plurality of cup seals. 
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one or n,ore sealing members 240 are pre.era«y coupled to and ^.pport^ by 

the exterior surface of the upper er,<l portion 21 Od C tt-e tuWer mender 2 0. The 
!ra^mbers240pre,erabtypro*teanovedappin,i.ntbe,we«.he^re™, 

^,,^o,meoasing1,aandtbe.ppere„dpo,t^2,0d^tbe^|^ 
210 Tt,esealingmen*«rs240n«ybeanynurnberofax«nt«»,ala«nm«aally 

a 1^ seats sucn as. for exampie. ^. ru.*er. Te.^- . « ^J^"^ 
Tac^rdanoe «itti the teachings o<««P--«**='" '"''"'^'^"~"' 
LTaiing members 240 are mo«ed.r»n Strata^ e^xya.ai^.ro«.«^ 
^^^ySe™cesinDat,as.TXinord«toopti,naiWprov,deaMbeanng.n*^^ 
fabeLen the upper end portion 210do.t.«.ubu«™"nber210and the N««r end 

DOllion 1 1 5a of the existing casing 115. ^„.„„ 
in a prefened embodiment, the sealing members 240 are selected to op«mally 
provide a suffiden. frictional force .0 syppod the e^nd«l tubdar men*« 210 
the existing casing 1 1 5. tn a preferred en*cd»^ the '^"^'^ 
provided by the sealing members 240 ranges from about l> ««^ •» ""'-^^ 
(1 .000 to 1 ,000.000 IbO m W to optimally suppon the .xparKied tubular member 

210 

' ,nanaltemativeembodiment.theseailngmembers240areommedfromthe 
upperendportlon210dofthetubularu«mber210.andaloadbearingmetaR^^^^^ 

loLrence m IS provided between upper end portion of the tubular 
.olrend portion 1153 of the ex.stingca.ng115byptestlca.,ydef^^^^ 

expanding the tubular member into contact with the existing casmg. 

,napreferredembodlment.aquantity of .ubHcant245 IS provided in the annular 

region above the expansion oone 205 within the interior of the tubular member 210^ in 
t^s manner, the extrusion of the tubular member 210 off of the expansion cone 20^ 
facilitated. The lubricant 245 may be any number of conventional commercally 
available lubricants such as. for example. Lubriplate- . chlorine based lubncants. o.. 
based lubricants or Climax 1500 Antisieze (3100). In a preferred embod,ment. the 
lubricant 245 Is Climax 1500 Antisieze (3100) available from Climax Lubricants and 
Equipment Co. in Houston. TX in order to optimally provide optimum lubricafon to 
facilitate the expansion process. „^„ri«r 
,n a preferred embodiment, the support member 225 is thoroughly cleaned pnor 
to assembly to the remaining portions of the apparatus 200. In this manner, the 
introduction of foreign material into the appai^tus 200 is minimized. This minim«.es the 
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. ; possibility of foreign material clogging the various flow passages and valves of the 
..iv apparatus 200. 

In a preferred embodiment, before or after positioning the apparatus 200 within 
; the new section 130 of the wellbore 100. a couple of wellliore volumes are circulated In 
5 order to ensure that no foreign materials are located within the wellbore 100 that might 
; clog up the various flow passages and valves of the apparatus 200 and to ensure that 
no foreign material interferes with the expansion process. 

As illustrated in FIGS. 2 and 2e. in a preferred embodiment, during placement 
of the apparatus 200 within the wellbore 100. fluidic materials 250 within the wellbore 
Q that are displaced by the apparatus are at least partially conveyed through the fluid 
passages 220. 205a. 225a. and 225b. In this manner, surge pressures created by the 
placement of the apparatus within the wellbore 1 00 are reduced. 

As illustrated in FIGS. 3. 3a. and 3b, the fluid passage 225b is then closed and 
a hardenable fluidic sealing material 255 is then pumped froni a surface location into 
the fluid passages 225a and 205a. The material 255 then passes from the fluid 
passage 205a into the interior region 230 of the shoe 215 below the expansion cone 
205. The material 255 then passes from the interior region 230 into the fluid passage 
220. The material 255 then exits the apparatus 200 and fills an annular region 260 
between the exterior of the tubular member 210 and the interior wall of the new section 
130.of the wellbore 100. Continued pumping of the material 255 causes the material to 
fill up at least a portion of the annular region 260. 

The material 255 is preferably pumped into the annular region 260 at pressures 
and flow rates ranging, for example, from about 0 to 344.738 bar and 0 to 561 8. 1 2 
lltres/min (0 to 5000 psi and 0 to 1 .500 gallons/min), respectively. The optimum flow 
rate and operating pressures vary as a function of the casing and wellbore sizes, 
wellbore section length, available pumping equipment, and fluid properties of the fluidic 
material being pumped. The optimum flow rate and operating pressure are preferably 
detennined using conventional empirical methods. 

The hardenable fluidic sealing material 255 may be any number of conventional 
commercially available hardenable fluidic sealing materials such as. for example slag 
mix. cement, latex orepoxy. In a preferred embodiment, the hardenable fluidic sealing 
material 255 is a blended cement prepared specifically for the particular well section 
being drilled from HaOiburton Energy Sendees in Dallas. TX In order to provide optimal 
support for tubular member 210 while also maintaining optimum flow characteristics so 
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empitol memods. In several alternative embod^nts. «« hardenalMe 
.raledal 255 is comptessibtebefo,^. during, or after cunng. 

The ar^ular region 260 preferably Is filled ««h .he nnatenal 255 



' ■ Asillus.ra.edinFIGS.4.4a.an<.4b,oncemeannuterreglon260hasbeen 
,e,.rrI..e„.te..l25S,a.ug2e5.crot,,e.sH.i.rde^^^^^^ 
intole «d passage 220.«««b,«u««yls*«ng.Hen,e"or^^^^^^^ 

,5 an^lar re,^ 260. In i preferred e,*od»ne,*. a "'^^''^^''^Z^^ 
is »«n p.n^ into hierio, region 230 caueira «»in.enor reg,on.opre«^^^^ 

LJ.er;e.teri,.reg.n230o,t.e^n^.--^^^^^ 

" ^'^l™.PK..6..ap,efe^e.bodin«nUhecon.inueainie«^^^^ 

.Mdic niateri. 2T0 press^ »» ^ -d unfolds «,e — 
216b-t.,esl»,215. ..apreferreden^od^^nt. me outside d«n«.erof^^^^^ 

Lnrrediate portion 21 5b of Ih. sl»e 215 Is greater than the outside drarneter of me 
,5 ;7a«.^rpo.,.ons.2,5aaod2,5b.of.heshoe. -7-— ^^,7, 
»;«e »«. outside dian-eters of .he unfolded inteniiedlate portion 21 5. Of 

are greater .hen Ib, ^ and ouiside d^^eters. respectively, o the "PP- 
pol^. 215a and 216b. 0. the shoe. In a prefe^d ennbodimen^ «^ d«meter 

:.be .folded intermeddle port^ 21Sb o, me s,»e 216 is ^'^^^^ 
30 g,ea.ermanmeinsidediame.ero.mepreexis«.^casing 115,no,x.e,.oopt,n«lly 

faciniatelbeforTmlionola.t,ono^iameterv»ellborecas,ng. 

AS illustrated in FIG. 6. in a preferred embodiment, me expansion oone 205 ,s 
menloweredinlotheunloldedintem<ediateportion215bofmeshoe215. Ka 

preferred embodpieni, the expansion cone 205 is lowered Into the unfolded 

10 



intermediate portion 215b of the shoe 215 until the bottom of the expansion cone is 
; ;:proxin>ate the lower portion 21 5a of the shoe 215. In a preferred embodiment, during 
the lowering of the expansion cone 205 into the unfolded intermediate portion 215b of 
\. V ilhe shoe 21 5, the material 255 within the annular region 260 and/or the bottom of the 
5 wellbore section 130 maintains the shoe 215 in a substantially stationary position. 

As illustrated In FIG. 7, in a prefen^ed embodiment, the outside diameter of the 
expansion cone 205 is then increased. In a prefenred embodiment, the outside 
diameter of the expansion cone 205 is Increased as disclosed in U.S. patent nos. 
; ■ 5,34i8.095. and/or 6,012^523. In a preferred embodiment, the outside diameter of the 
1Q radially expanded expansion cone 205 is substantially equal to the inside diameter of 
the preexisting wellbore casing 115. 

In an alternative embodiment, the expansion cone 205 is not lowered into the 
radially expanded portion of the shoe 215 prior to being radially expanded. In this 
manner, the upper portion 21 Oc of the shoe 21 0 may be radially expanded by the radial 
1 5 expansion of the expansion cone 205, 

In another alternative embodiment, the expansion cone 205 is not radially 
expanded. 

As illustrated in FIG. 8, In a preferred embodiment, a fluidic material 275 is then 
injected into the region 230 through the fluid passages 225a and 205a. In a prefen-ed 

20 embodiment, once the interior region 230 becomes suffidently pressurized, the upper 
portion 215a of the shoe 215 and the tubular member 210 are preferably plastically 
defonmed. radially expanded, and extmded off of the expansion cone 205. 
Furthemiore, in a preferred embodiment, during the end of the radial expansion 
process, the upper portion 21 Od of the tubular member and the lower portion of the 

25 preexisting casing 115 that overiap with one another are simultaneously plastically 
defomied and radially expanded. In this manner, a mono-diameter wellbore casing 
may be fomied that includes the preexisting wellbore casing 115 and the radially 
expanded tubular member 210. 

During the extrusion process, the expansion cone 205 may be raised out of the 

JO expanded portion of the tubular member 210. In a prefen-ed embodiment, during the 
extrusion process, the expansion cone 205 is raised at approximately the same rate as 
the tubular member 210 is expanded in order to keep the tubular member 210 
stationary relative to the new wellbore section 130. In this manner, an overiapping joint 
between the radially expanded tubular member 210 and the lower portion of the 



lo. Jn.. ».a expans^n cone 205 ,s ^ a s«=n,^ PO,l.«o d.™,, .he 

ex.ruslonp.ocess.herebyalk>«ingme.ub^n«n«»r210to«<««teo(fof»» 

expansion cone 205 and ln» me newv«»bo« sec«on 130 under »»fo«eo.9«v.y 
and the operating pressure of the interior region 230. „.„„,.te. 
In a preferred emt>odiment, wt»nlt«upperendport»n210dorthetubuiar 
memt^r 210 and the lower portion rrfthe preexisting casl,« 115 that o«dap«i«. ore 
another are plastically deforn«d and radially expanded 1^ .he expans»n cone 205. the 
expansion cone 205 Is displaced out of me «e»bore 100 hy i»m the operating 
pressure within .he region 230 and a upwardly directed axial fb™ applied to me 

tubular support rnember 225. 

The overlapping joint between the lower portion of the preexisting casing 115 
and the radially expanded tubularmen^erZIOpreferablypro^desagas^u^^ 
fluidic seal, in a particularly preferred embodiment, the sealing members 245 optimally 
5 provide a fluidic and gaseous seal In the overlapping joint Ih an alternative 
embodiment, the sealing members 245 atB omitted. _ 

In a preferred embodiment, the operating pressure and flow rate of the fluid.c 
material 275 is controllably ramped down when the expansion cone 205 reaches the 
upper end portion 21 Od of the tubular member 21 0. In this manner, the sudden release 
« of pressure caused by tt.e complete extrusion of the tubular member 210 off of the 
expansion cone 205 can be minimized. In a preferred embodiment, the operating 
pressure is reduced in a substantially linear fashion from m% to about mo dunng 
the end of the extrusion process beginning when tiie expansion cone 205 is within 
about 5 feet from completion of the extmsion process. 
25 Alternatively, or in combination, the wall thickness of the upper end portron 

210d of the tubular member is tapered in order to gradually reduce the required 
operating pressure for plastically defomiing and radially expanding the upper end 
portion of the tubular member. In this manner, shock loading of the apparatus ts at 
least reduced. 

30 Alternatively, or in combination, a shock absorber is provided in ttie support 

member 225 in order to absorb the shock caused by the sudden release of pressure. 
The shock absorber may comprise, for example, any conventional commeraally 
available shock absorber, bumper sub. or jars adapted for use in wellbore operations. 
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Alternatively, or in combination, an expansion cone catching staicture is 
provided in the upper end portion 210d of the tutelar member 210 in order to catch or 
at least decelerate the expansion cone 205. 

In a preferred embodiment, the apparatus 200 is adapted to minimize tensile, 
burst, and friction effects upon the tubular member 210 during the expansion process. 
These effects virtll be depend upon the geometry of the expansion cone 205. the 
material composition of the tubular member 210 and expansion cone 205, the Inner 
diameter of the tubular member 210, the wall thickness of the tubular member 21 0. the 
type of lubricant, and the yield strength of the tubular member 21 0. In general, the 
thicker the wall thickness, the smaller the inner diameter, and the greater the yield 
strength of the tubular member 210. then the greater the operating pressures required 
to extrude the tubular member 210 off of the expansion cone 205, 

For typical tubular members 210. the extrusion of the tubular member 21 0 off of 
the expansion cone 205 will begin when the pressure of the interior region 230 
reaches, for example, approximately 34.47 to 620.53 bar (500 to 9,000 psi). 

During the extrusion process, the expansion cone 205 may be raised out of the 
expanded portion of the tubular member 210 at rates ranging, for example, from about 
0 to 1 .524 metres/sec (0 to 5 ft/sec). In a preferred embodiment, during the extrusion 
process, the expansion cone 205 is raised out of the expanded portion of the tubular 
member 210 at rates ranging from about 0 to 0.6096 metres/sec (0 to 2 ft/sec) in order 
to minimize the time required for the expansion process while also permitting easy 
control of the expansion process. 

As illustrated in FIG. 9. once the extrusion process is completed, the expansion 
cone 205 Is removed from the wellbore 100. In a preferred embodiment, either before 
or after the removal of the expansion cone 205, the integrity of the fluidic seal of the 
overiapping joint between the upper end portion 21 Od of the tubular member 210 and 
the lower end portfon 115a of the preexisting wellbore casing 1 15 is tested using 
conventional methods. 

In a prefenred embodiment. If the fluidic seal of the overlapping Joint between 
the upper end portion 210d of the tubular member 210 and the lower end portion 1 1 5a 
of the casing 1 15 is satisfactory, then any uncured portion of the material 255 within the 
expanded tubular member 210 is then removed in a conventional manner such as. for 
example, circulating the uncured material out of the interior of the expanded tubular 
member 210. The expansion cone 205 is then pulled out of the wellbore section 1 30 



, drt. «. 0, - IS use. . co.«na..n ^ a conventlona, dnlLng a s«m«y to 
enJmert. me n«.erta, 255 ^ annular region 260 U ««n allowed to fully 
5 As»,u*a.edlnFIG.10,,hebo^.>^n215co..heshoe216,^«»nb. 
removal b, driiung out Ihe bo*»T, portion of «,e shoe using oonvertional.dnll.^ 
L J.o.e ,00 madmen be e.enaed In a ccnvenUonal 

conven-lona, «ng asse.b,. In a prelerred ^"^^^"^^^ 
ex.«^ed por«on 0. me wellbore ,00 Is greater «,an .he InsWa dian^ter of the radially 

10 expanded shoe 215. ^^^^hiw 
AS illustrated in FIG. ,1. me memod otFIGS. 1-10 may be repeatedly 
performed in order ,o provide a n»n.H,^r«e«»re cas'^g that krCud^ 
„vedappin,v«,lborecasings,15and2,Oa-2mT1«wellboraoas.ng11^.^21^ 
2,0e preferab^ mdude outer ar«u,ar layers of Mlosea.ng matenal. Al.en»bva.y 

,5 meou.erannularlayersof^seanr^naterlal-n'y'^'-*^- . 
!„no..iame,erv««.o,ec^maybe.on^»«*thesubte™nean.or™^^^ 

extendsfor mousandsofn-euesltensoftl^sof feet). generally sbll. the 
teachings of FIGS. ,-11 ma,beusedtofonnan«»«H.lameterv«llbore casrr^ 
pipeline, a sttuctural support, or a tunnel wKhin a subterranean formatror at any 
20 orientalionfiwnlheverticallomehorizontal. , . .„hMin>ent an 

Refenmg to FIGS. ,2. 12a, 12b. ,2.. and 12d. ,n an al.ema.ve • 
apparatus 300 for fonrtng a nonrHUamettrwdlbore casing Is positioned w,m,n the 
,«llbor. casing 115 that issubstanUally Identical In design and operatran to the 
apparalu5200excepimatasl»e305issubslituledfortheshoe215. 

,5 In a preferred embodiment, me shoe 305 includes an upper portion 305a. an 

IntemredlatepaSon 305b. ar«lalowerpo*n305ohavingavalveabie fluid passage 

310 mat IS preferabV adapted to recei« a plug. dart, or other similar element to 
contronabl, sealing me ffuW passage 310. In mis manner, me fluid passage 310 may 
be optlmaBy seated off by Intrcdudng a plug, dart and/or ball seaBng elements mto the 

"""T:pp^and^rpor«oos,305aa„d305c.oftheshoe305arepreferahly 

substantially tubular, and me intermediate portion 305b of the shoe Includes 
comioations 305ba-305bh. Furthemiore, in a preferred embodiment, when me 
ln.em»diate portion 305b o, me shoe 305 is radially expanded by the appHoafon of 
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: fluid pressure to the interior 315 of the shoe 305. the inside and outside diameters of 
: ; ; j.ihe radially expanded intermediate portion are preferably both greater than the inside 
, and outside diameters of the upper and tower portions. 305a and 3D5c. In this manner. 

the outer circumference of the Intemiediate portion 305b of the shoe 305 is preferably 
^ greater than the outer circumferences of the upper and lower portions. 305a and 305c. 
:of the shoe. 

In a preferred embodiment, the shoe 305 further includes one or wore through 
and side outlet ports in fluidic communication with the fluid passage 31.0. In this 

■; f«a""er. the shoe 305 optimally injects hardenable fluidic sealing material into 
10: region outside the shoe 305 and tubular member 210. 

In an altemative embodiment, the flow passage 310 is omitted. 
In a preferred embodiment, as illustrated in FIGS. 12 and 12d. during 
placement of the apparatus 300 within the wellbore .100. fluidic materials 250 within the 
wellbore that are displaced by the apparatus are. conyeyeid. through the fluid passages 
310. 205a. 225a. and 225b, In this manner, surge pressures created by the placement 
of the apparatus within the wellbore 100 are reduced. 

In a preferred embodiment, as illustrated in FIG. 13 and 13a. the fluid passage 
225b is then closed and a hardenable fluidic sealing material 255 is then pumped from 
a surfece location into the fluid passages 225a and 205a. The material 255 then 
passes from the fluid passage 205a into the interior region 315 of the shoe 305 below 
the expansion cone 205. The material 255 then passes from the interior region 315 
.nto the fluid passage 310, The material 255 then exits the apparatus 300 and fills the 
annular region 260 between the exterior of the tubular member 21 0 and the interior wall 
of the new section 1 30 of the wellbore 1 00. Continued pumping of the material 255 
causes the material to All up at least a portion of the annular region 260. 

The material 255 is preferably pumped into the annular region 260 at pressures 
and flow rates ranging, for example, from about 0 to 344.738 bar and 0 to 5618 12 
litres/min (0 to 5000 psi and 0 to 1.500 galtons/min). respectively. Tbe optimum flow 
rate and operating pressures vary as a function of the casing and wellbore sizes 
wellbore section length, available pumping equipment, and fluid properties of the fluidic 
material being pumped. The optimum flow rate and operating pressure are preferably 
detennined using conventional empirical methods. 

The hardenable fluidic sealing material 255 may be any number of conventional 
commercially available hardenable fluidic sealing materials such as. for example, slag 
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mix cement, latex or epoxy. In a preferred embodiment, the hardenable fluidic seahng 
material 255 is a blended cement prepared specifically for the particular well section 
being drilled from Halliburton Energy Sen/ices in Dallas. TX in order to provide optimal 
support for tubular member 21 0 while also maintaining optimum flow character«t.cs so 
as to minimize difficulties during the displacement of cement in the annular region 260. 
The optimum blend of the blended cement is preferably detemnined using conventional 

empirical methods. In several alternative embodiments, the hardenable fluidic sealing 

material 255 is compressible before, during, or after curing. 

The annular region 260 preferably is filled with the material 255 in sufficient 

quantities to ensure that, upon radial expansion of the tubular member 210. the annular 

region 260 of the new section 130 of the wellbore 100 will be filled with the material 

255. 

In an alternative embodiment, the Injection of the material 255 into the annular 

region 260 is omitted. 

As illustrated in FIGS. 14 and 14a. once the annular region 260 has been 
adequately filled with the material 255. a plug 265. or other similar device, is introduced 
into the fluid passage 310. thereby fluidicly isolating the interior region 315 from the 
annular region 260. In a preferred embodiment, a non-hardenable fluidic material 270 
is then pumped Into the interior region 31 5 causing the interior region to pressurize. In 
this manner, the interior region 315 will not contain significant amounts of the cured 
material 255. This also reduces and simplifies the cost of the entire process. 
Alternatively, the material 255 may be used during this phase of the process. 

As illustrated in FIG. 15. in a pfefen-ed embodiment, the continued injection of 
the fluidic material 270 pressurizes the region 315 and unfolds the comigations 305ba- 
305bh of the intermediate portion 305b of the shoe 305. In a preferred embodiment, 
the outside diameter of the unfolded intermediate portion 305b of the shoe 305 is 
greater than the outside diameter of the upper and lower portions. 305a and 3d5b. of 
the shoe. In a preferred embodiment, the inside and outside diameters of the unfolded 
intermediate portion 305b of the shoe 305 are greater than the inside and outside 
diameters, respectively, of the upper and lower portions. 305a and 305b, of the shoe. 
In a preferred embodiment, the inside diameter of the unfolded intemnediate portion 
305b of the shoe 305 is substantially equal to or greater than the inside diameter of the 
preexisting casing 305 In order to optimize the fomiation of a monoKliameter wellbore 
casing. 
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. . As illustrated in FIG. 16. in a preferred embodiment, the expansion cone 205 is 
>. th^n lowered into the unfolded intermediate portion 305b of the shoe 305. In a 
; preferred embodiment, the expansion cone 205 is lowered Into the unfolded 
; . intenmediate portion 305b of the shoe 305 unBI the bottom of the expansion cone is 

proximate the lower portion 305c of the shoe 305. in a preferred embodiment during 
. the lowering of the expansfon cone 205 into the unfolded intermediate portion 305b of 

the shoe 305. the material 255 within the annular region 260 maintains the shoe 305 In 

a substantially stationary position. 

As illustrated in FIG. 17. in a preferred embodiment, the outside diameter of the 

expansion cone 205 is then increased. In a preferred embodiment, the outside 

diameter of the expansion cone 205 is increased as disclosed In U.S. patent nos. 

5,348.095. and/or 6.012.523. In a preferred embodiment, the outside diameter of the 

radially expanded expansion cone 205 is substantially equal to the inside diameter of 

the; preexisting wellbore casing 115. 

In an alternative embodiment, the expansion cone 205 is not lowered into the 

radially expanded portion of the shoe 305 prior to being radially expanded. In this 

manner, the upper portion 305c of the shoe 305 may be radially expanded by the radial 

expansion of the expansion cone 205. 

In another alternative embodiment, the expansion cone 205 is not radially 
expanded. 

As illustrated In FIG. 18. in a preferred embodiment, a fluidic material 275 is 
then Injected Into the region 315 through the fluid passages 225a and 205a. In a 
preferred embodiment, once the Interior region 315 becomes suffidently pressurized 
the upper portion 305a of the shoe 305 and the tubular member 210 are preferably ' 
plastically defomied. radially expanded, and extruded off of the expansion cone 205. 
Furthermore, in a preferred embodiment, during the end of the radial expansion 
process, the upper portion 210d of the tubular member and the lower portion of the 
preexisting casing 115 that overtap with one another are simultaneously plastically 
deformed and radially expanded. In this manner, a mono-diameter wellbore casing 
may be fomied that includes the preexisting wellbore casing 1 15 and the radially 
expanded tubular member 210. 

During the extrusion process, the expansion cone 205 may be raised out of the 
expanded portion of the tubular member 210. In a preferred embodiment, during the 
extrusion process, the expansion cone 205 is raised at approximately the same rate as 
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the tubular member 210 is expanded in order to keep the tubular member 210 
stationanr relative to the new wellbore section 130. In this manner, an overlapping joint 
between the radially expanded tubular member 210 and the lower porUpn of the 
preexisting casing 115 may be optimally iomed. In an alternative prefenred 
5 embodiment, the expansion cone 205 is maintained in a stationary position dunng the 
extrusion process thereby allowing the tubular member 210 to extrude off of the 
expansion cone 205 and into the new wellbore section 130 under the force of gravity 
and the operating pressure of the interior region 230. 

In a preferred embodiment, when the upper end portion 21 Od of the tubular 
10 member 210 and the lower portion of the preexisting "casing 115 that overlap with one 
another are plastically defomied and radially expanded by the expansion cone 205. the 
expansion cone 205 is displaced out of the wellbore 100 by both the operating 
pressure within the region 230 and a upwardly directed axial force applied to the 

tubular support member 225. 
15 The overlapping joint between the lower portion of the preexisting casing 115 

and the radially expanded tubular member 210 preferably provides a gaseous and 

fluidic seal. In a particularly preferred embodiment, the sealing members 245 optimally 

provide a fluidic and gaseous seal in the overlapping joint. In an alternative 

embodiment, the sealing members 245 are ornltted. 
20 In a preferred embodiment, the operating pressure and flow rate of the fluidic 

material 275 is controllably ramped down when the expansion cone 205 reaches the 
upper end portion 210d of the tubular member 210. In this manner, the sudden release 
of pressure caused by the complete extnisfon of the tubular member 210 off of the 
expansion cone 205 can be minimized. In a preferred embodiment, the operating 

25 pressure is reduced in a substantially linear fashion from 100% to about ^0% during 
the end of the extmsion process beginning when the expansion cone 205 is within 
about 1.524 metres (5 feet) from completion of the extmsion process. 

Altematively. or in combination, the wall thickness of the upper end portion 
210d of the tubular member is tapered in order to gradually reduce the required 

30 operating pressure for plastically defontiing and radially expanding the upper end 

portion of the tubular member. In this manner, shock loading of the apparatus may be 

at least partially minimized. 

Altematively. or in combination, a shock absortjer is provided In the support 
member 225 in order to absorb the shock caused by the sudden release of pressure. 
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.^::V ■ . 7^ absorber may comprise, for example, any conventional commercially 
; . . vavallabJe shock absorber adapted for use In wellbore operations. 

Alternatively, or in combination, an expansion cone catching structure is 
V / provided in the upper end portion 210d of the tubular member 210 in order to catch or 
5 at least decelerate the expansion cone 205. 

In a preferred embodiment, the apparatus 200 is adapted to minimize tensile, 
burst, and friction effects upon the tubular member 210 during the expansion process. 
These effects will be depend upon the geometry of the expansion cone 205, the 
: ; material composition of the tubular member 210 and expansion cone 205. the inner " 

1.0. diameterofthetubularmember210.thewaltthicknessofthetubularmember210.the 
type of lubricant, and the yield strength of the tubular member 210. In general, the 
thicker the wall thickness, the smaller the inner diameter, and the greater the yield 
strength of the tubular member 210. then the greater the operating pressures required 
to extrude the tubular member 21 0 off of the expansion cone 205. 

For typical tubular members 210. the extrusion of the tubular member 210 off of 
the expansion cone 205 will begin when the pressure of the interior region 230 
reaches, for example, approximately 34.47 to 620.53 bar (500 to 9.000 psi). 

During the extrusion process, the expansion cone 205 may be raised out of the 
expanded portion of the tubular member 210 at rates ranging, for example, from about 
0 to 1.524 metres/sec (0 to 5 ft/sec). In a preferred embodiment, during the extrusfon 
process, the expansion cone 205 is raised out of the expanded portion of the tubular 
member 210 at rates ranging from about 0 to 0.6096 metres/sec (0 to 2 ft/sec) in order 
to minimize the time required for the expansion process while also pemiitting easy 
control of the expansim process. 

As illustrated in FIG. 19. once the extrusion process is completed, the 
expansion cone 205 is removed from the wellbore 100. In a preferred embodiment 
either before or after the removal of the expansion cone 205. the integrity of the Ruidic 
seal of the overlapping joint between the upper end portion 21 Od of the tubular member 
210 and the lower end portion 1 15a of the preexisting wellbore casing 1 15 is tested 
30 using conventional methods. 

In a preferred embodiment, if the fluidic seal of the overtapping joint between 
the upper end portion 210d of the tubular member 210 and the lower end portion 115a 
of the casing 1 15 is satisfactory, then any uncured portion of the material 255 within the 
expanded tubular member 210 is then removed In a conventional manner such as for 
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example, drculating the uncured material out of the mterior of the expanded tubular 
member 210. The expansion cone 205 is then pulled out of the wellbore secUon 130 
and a drill bit or mill is used in combination with a conventional drilling assembly to dnil 
out any hardened material 255 within the tubular member 210. In a preferred 
embodiment, the materia! 255 within the annular region 260 is then allowed to fully 



cure. 



As illustrated in FIG. 20. the bottom portion 305c of the shoe 305 may then be 
removed by drilling out the bottom portion of the shoe using conventional drilling 
methods. The wellbore 100 may then be extended in a conventional manner using a 
10 conventional drilling assembly. In a preferred embodiment, the inside diameter of the 
extended portion of the wellbore is greater than the inside diameter of the radially 
expanded shoe 305. 

The method of FIGS. 12-20 may be repeatedly perfomied in order to provide a 
monoKliameter wellbore casing that includes overiapping wellbore casings. The 
1 5 overiapping wellbore casing preferably include outer annular layers of fluidic sealing 
material: Alternatively, the outer annular layers of fluidic sealing material may be 
omitted. In this manner, a mono-diameter wellbore casing may be foniied within the 
subterranean fomiation that extends for thousands of metres (tens of thousands of 
feet). More generally still, the teachings of FIGS. 12-20 may be used to fom. a mono- 
20 diameter wellbore casing, a pipeline, a structural support, or a tunnel within a 
subterranean formation at any orientation firom the vertical to the horizontal. 

In several alternaUve embodiments, the apparatus 200 and 300 are used to 
form and/or repair wellbore casings, pipelines, and/or stmctural supports. 

In several alternative embodiments, the folded geometries of the shoes 21 5 and 
25 305 are provided in accordance with the teachings of U.S. Patent Nos. 5.425.559 
and/or 5.794.702. 

Although illustrative embodiments of the invention have been shown and 
described, a wide range of modification, changes and substitution is contemplated in 
the foregoing disclosure within the scope of the claims. 

30 
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5 a first tubular member; and 

installing ,he second lubular ^mber. an expansion cone, and a shoe that 
: *''"-an,n,eriorregtonforcon,aW„gWc™,erta,si„mebo«hote- 



expansion cone. 



2. The tubular structure o, dalm 1 . .herein the p^cess ft,rtNr .onuses: 

radially expanding the expansion cone. 

3. The,ubulars,ructu«ofdain„..*e,*thep,ooess,urtheroonprtses- 
^ng the e^nsion cone into the «<«all, expanded po«ic« of the shoe- and 
rafally expanding the expansion cone. ™e.ano 

4. "^;^"»^'s'-*.'ertclaim3.^«„hep™essMhsrcomphses- 



5. The tubular st^oure of daim 1, wherein the process Whercompnses- 

3e.nd::r::rdrrr-^------ 

5. The tubular structure of Cain,, . where*,.^ ^ ^ 
radially expanding a, leas, a pohton of the ftst »*utar number. 
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7 The tubular structure of daim 6. wherein the process further comprises: 

overlapping a portion of the radially expanded second tubular member wrth a 
portion of the first tubular member. 

^ 8 The tubular structure of daim 7. wherein the inside diameter of the radially 
expanded second tubular member is substantially equal to the inside diameter of a 
nonoverlapping portion of the first tubular member. 

■ ■ ....... -A. 

10 9. The tubular strudure of daim 6. wherein the process further comprises: 
applying an axial force to the expansion cone. 

10 The tubular strudure of daim 1. wherein the inside diameter of the radially 
expanded shoe is greater than or substantially equal to the inside diameter of the 
15 radially expanded seconid tubular menrtber 
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